The construction and evaluation of chromatographic fingerprints (CFPs) has obtained worldwide recognization as the preferred technology for the quality control of traditional Chinese medicine (TCM), for it can provides the global information of the distribution of complex chemical constituents in TCM. The existing methods included the cosine of vectorial angle, the correlative coefficient, Nei coefficient and the improved Nei coefficient 1 for calculating the similarities among different CFPs in order to assess the quality; among these the evaluation method of cosine of angle has been the most popular in China. In addition, the identification that relied upon the principal component analysis of raw or aligned chromatograms as the novel nonparametric statistic measure of fingerprint set homogeneity was proposed by Debeljak et al. 2 But all of the above methods lack the function of quantitative assessment and can only display the proportional distribution uniformity of ingredients in TCM or herbal drug. The distance coefficient 3 can disclose the quantitative information to some extent, however, it can not give perspectively comprehensive and quantitative evaluation results. In fact, the overall content information of all components in TCM is much more important under the distribution of constituents meeting the requirements, for such content directly affect the quality. In recent years, Sun et al. [4] [5] [6] [7] have proposed a series of the quantitative evaluation parameters, attempting to provide the general quantitative assessments for CFPs of TCM, but all of them have only one function of the quantitative or the qualitive assessment. In order to find new parameters with the dual functions, we developed the involution similarity method, in which the indices have both quantification and qualitation assessment functions and can directly reveal the macro-characteristics in the contents of complex compositions in TCM and herbal drugs. With this approach, the qualitative similarity was assigned a quantitative function, while at the same time the quantitative similarity included the qualitative function. Thus the evaluation of CFPs could be simplified by using only one parameter with the qualitive and quantitative information proposed in this paper. The method was applied to assess the consistency of CFPs of Ginkgo biloba extract (GBE), producing good results. The values of the average involution similarity and the quantitative involution similarity between samples and the referential fingerprint (RFP) can be easily obtained by importing the original signal files into the software of the super-information characteristics digitalized evaluation system of TCM fingerprints 3.0, 8 which was invented by Sun. Undoubtedly, it was a novel method to assess the similarity between a sample CFP and the RFP, and can provide some new quantitative control parameters for blending and mixing the raw material of TCM and applying them in manufacturing practice.
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Theory

Involution similarity
The qualitative and quantitative assessment of TCM chromatographic fingerprint generally means to compare the common peak area in a sample fingerprint (xi) with that of the corresponding one in the RFP (yi). In fact, the value of xi/yi is the simplest way to display the comparison result. The differences between the ratio of the area of the ith peak in a sample fingerprint (SFP) to that in the RFP and 100% can be defined as,
where, xi and yi represent the peak areas of the ith common constituent existing in a sample and the RFP, respectively. Then the involution similarity (Si) can better quantify the similarity between xi and yi, In this paper, we develop a new method for evaluating chromatographic fingerprints of traditional Chinese medicine (TCM) by the average involution similarity and the quantitative involution similarity. To validate this novel approach, we studied the chromatographic fingerprints of Ginkgo biloba extract by the new similarity parameters. The results were compared with those of the cosine of vectorial angle (SF), the correlative coefficient (r) and some other quantitative parameters, such as the apparent quantitative similarity of fingerprint R% and the average mass percentage M%. The approach represented in this paper was proved to well reflect the similarity alteration of each batch of Ginkgo biloba extract and the quantitative differences of the extracted constituents. The Sgxq and Sgxsq are the best qualitive and quantitative similarity parameters of all those mentioned in this paper; they can be profitably used for the qualitative and quantitative assessments of TCM chromatographic fingerprints. Through this study, the quality evaluation of TCM can be simplified by using only one parameter of with the qualitive and quantitative functions proposed in this paper. When xi = yi, the similarity is 1 indicating that the content of xi is equal to that of yi. As can be seen from Fig. 1 , the variance of xi/yi was well reflected by Si, in which one indicates the change of only one constituent. So the average involution similarity for all the common peaks can be expressed as (3) in order to comprehensively assess the similarity between a sample and the RFP, where n is the total number of the common peaks. Considering the different weights of all the common peaks, Eq. (4) can be used to calculate the similarity between different fingerprints, much emphasizing the larger contributions of the peak areas that represent the high contents of constituents in a sample, where pi denotes the peak area percentage of the ith peak in a SFP. (4) We are concerned much more with the weights of the different common peak areas in the RFP than with that in a SFP, and so we defined as (5) in which qi denotes the weight of the peak area percentage of the ith common peak in the RFP. Equation (3) can often cancel out the larger contributions of the big peaks or amplify the influence of the small peaks. Because Eq. (4) only takes the peak area influence of a sample into consideration, the assessing result may be wrong for a SFP abnormally deflecting from the RFP. Fully considering all aspects, Eq. (5), of course, was the more accurate way to disclose the overall contents of all constituents in a sample.
The content of each constituent in a sample is clearly plotted in Fig. 1 , in which the distinction between a sample constituent and that in the RFP can be qualitatively shown by Si, which also has the quantitative description function. As can be seen from Table 1 , when Sgx ≥ 0.73, xi/yi is within 80 -120%; when Sgx ≥
. Quantitative involution similarity When xi/yi > 100% or xi/yi < 100%, Sgx is always below 1, approximating 1 as the symmetrical point. Taking xi/yi = 80% and xi/yi = 120% for examples, the average involution similarity values of them are both 0.725. However, the quantitative involution similarity Sgxs described in Eq. (6) can produce the different results in this case, well reflecting xi/yi variance when above 100%.
(6)
Although with some errors, which can be seen in Table 1 , overall, Sgxs can display the normal variance of xi/yi, because the errors from different constituents may offset. Taking the weights of the different peak areas into consideration, Eqs. (7) and (8) were proposed, where pi is the peak area percentage of the ith peak in a SFP, and qi is that in the RFP. When xi/yi varies within 30 -170%, the error of the quantitative involution similarity was small enough for the quantitative assess of fingerprints. The variance regularity of the quantitative involution similarity can be seen in Fig. 2 . The better qualitive and quantitative similarity assessments preferred the Sgxq and Sgxsq to the other parameters because the right weights were taken.
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Experimental
Apparatus and reagents
The analysis was performed on an Agilent/HP 1100 series LC system (Hewlett Packard, CA, USA) consisting of a diode array detector, a low-pressure quaternary pump, an online degasser and an autosampler. All data acquired were processed by ChemStation workstation software (Agilent Technology Inc.). KQ-50B ultrasonic bath (Kunshan Ultrasonic Instrument Co. Ltd.), RE52 rotary evaporator (Yarong Biochemistry Instrument Factory, Shanghai, China) and Saitorius-BS110S analytic scale (Saitorius Scale Co. Ltd., Beijing, China) were used during the analysis process.
Chlorogenic acid, jasminoidin, globulariacitrin, kaempferide, quercetin, isorhamnetin and bilobalide A, B, C standards were all purchased from the National Institute for the Control of Pharmaceutical and Biological Products of China (Beijing, China) for the determination of the content. Acetonitrile (purchased from Yuwang Industry Ltd., Co., Shandong, China) and glacial acetic acid (provided by Kemiou Chemicals Developing Center, Tianjin, China) were both of HPLC grade. Methanol (from Kangkede Technology Ltd., Co.) and other reagents were of analytical grade. Water used for buffer solution and other preparations was deionized. The GBE were bought from Shanghai Xingling Technological Medicinal Corporation (S1, S2, S3); Zhejiang Kangenbei Pharmaceutical Corporation (S4, S5, S6); and Sichuan Jinxiu Huafuning Pharmaceutical Corporation (S7, S8), respectively. The extracts of S9 and S10 were extracted by our own lab.
Standard solutions
An accurately weighed rutin of 10.0 mg was introduced into a 25 ml volumetric flask and methanol was added to make 400 μg/ml standard solution. Appropriate amounts of kaempferide, meletin and isorhamnetin were weighed and added into methanol to make 500, 800, 600 μg/ml standard solutions, respectively.
Sample solution
The GBE of approximately 75 mg was accurately weighed and diluted to 10 ml with 50% (v/v) methanol.
Results
Analytical conditions
Chromatographic separation was carried out on a CenturySIL 
The identifying test
Five microliters of sample solution and of globulariacitrin, kaempferide, quercetin, isorhamnetin standard solutions were each loaded and the chromatograms were recorded (Fig. 3) . By comparing the retention times, we came to the conclusion that No. 14 peak was from globulariacitrin, of which the theoretical plate number was 159684; No. 32 peak from quercetin; No. 38 peak was from isorhamnetin; No. 39 was from kaempferide. For the good resolution with the neighboring peaks, the peak of globulariacitrin was selected as the reference. From the chromatogram of baseline after 2 h, it can be concluded that no other peaks from impurities disturb the separation process. The elution time continued 65 min according to the 2 h chromatogram of the sample.
Optimization of chromatographic conditions
The chromatographic conditions mentioned above were finally selected after several trials, in which the chromatographic column, wavelength and gradient elution programs were respectively optimized in order to achieve baseline separation for all components in a short runtime.
Injection precision
The injection precision was validated by replicate injection of the same sample solution for 6 times in a day. The relative standard deviations (RSD) of relative retention time and of relative peak area were found not exceeding 1 and 3%, respectively.
Sample stability test
The sample stability test was determined with one sample during 20 h. A fresh sample solution of S1 was loaded at 0, 5, 8, 14, or 20 h after the preparation, respectively. The RSD of relative retention time and relative peak area found were less than 1 and 3%, respectively, suggesting that the sample solution was stable within 20 h.
Method repeatability
Analyzing 6 independently prepared samples of GBE S1 allowed us to assess the reproducibility. The relative standard deviation of relative retention time and relative peak area were below 1 and 3%, respectively, and were indicative of good repeatability.
Development of the referential fingerprint
The sample solutions of 10 batches of GBE were prepared according to the procedure described above and loaded into the HPLC system, and the chromatograms were recorded. On the premise that all the common peaks could be observed in the 957 ANALYTICAL SCIENCES AUGUST 2007, VOL. 23 R% is between 89.4 and 109.7% and M% within 91.6 -117.2%, indicating that the overall contents of all the ingredients in the sample account for 85 -120% of that in the RFP. The quantitative involution similarity results were nearly identical with these results, showing its high accuracy in the evaluation. Taking the weights of the common peak areas in the RFP into account could produce more reasonable results than not or taking that in one sample into account though the relative error between Sgxsq and R% may be larger than that between Sgxsp and R%, which can be seen from Table 2 . The qualitative and quantitative similarities of samples from Zhejiang Kangenbei Pharmaceutical Corporation were relatively high, while those of samples from Sichuan Jinxiu Huafuning Pharmaceutical Corporation were a little lower, and the samples of our own lab exhibited the low contents.
Conclusions
The novel assessment approach of the average involution similarity Sgx and the quantitative involution similarity Sgxs was proposed according to the variance of xi/yi. Due to the variance
Ai reference regularity of the involution similarities, the results of the method were usually lower than the results of the cosine value of vectorial angle (SF) and the correlative coefficient (r). The novel parameters possessed the qualitative and quantitative functions, and also high sensitivity to the variation of xi/yi; moreover the quantitative involution similarity and the weighted quantitative involution similarity produced almost identical evaluation results with SF and r. The method had already been successfully applied in assessing the fingerprint similarities of GBE and can serve as the new reference for the similarity assessment of CFPs as well as providing some new quantitative control parameters for blending and mixing the raw material of TCM. It is obvious that the Sgxq and Sgxsq are the best qualitive and quantitative similarity parameters of all those mentioned in this paper, and we strongly recommend using the two parameters in the quality control of TCM. Through this study, the quality evaluation of TCM can be simplified by using only one parameter with the qualitive and quantitative functions proposed in this paper.
